Adult somatic stem cells (SSCs) are self-renewing groups of cells in tissues and organs that can produce specific lineages of precursor cells leading to differentiated cell progeny. They are retained from organogenesis throughout life for cell maintenance, repair and regeneration^\[[@r1]\]^. During differentiation SSCs are established in unique cell/ECM niches. Niches are tissue specific sites *in vivo* consisting of differentiated cells that modulate stem cells. The niche histological composition varies extensively in different tissues but often includes stromal cells, extracellular matrix, blood vessels, neurons and tissue related precursor differentiated cells^\[[@r2]\]^. The stem cell population is often a mixture of quiescent stem cells (or active stem cells) and progenitor cells in various levels of differentiation. The surrounding niche cells regulate stem and progenitor cells and serve both as a specific topographical and functional site^\[[@r3],\ [@r4],\ [@r5]\]^. SSCs are often multipotent and their lineage leads to uni-potent progenitors for terminal differentiated cells. Activated stem cells divide symmetrically to produce identical cells for self-renewal. Alternatively, an asymmetric cell division produces a reserve stem cell and a cytoplasmic partitioned progenitor cell committed to a specific pathway. Where there is a cyclic demand for somatic cell renewal, short lived, intermediate transit amplifying (TA) cells proliferate extensively before differentiation into adult cells^\[[@r4],[@r5]\]^. The resident population of diverse progenitors is possibly recruited and selected for their developmental potential to meet a specific function. The niche modulates stem cell function needed to maintain physiological needs for homeostasis and organismic variations in growth, maturation, reproduction and senescence that can alter stem/progenitor behavior^\[[@r6]\]^. Stem cells and their progeny within the niche may also be transient rather than fixed and adaptable to unusual conditions during tissue homeostasis or trauma that affects or depletes the cell population^\[[@r7]\]^. Studies on quiescent stem cells indicate they are maintained by epigenetic, transcriptional and post-transcriptional controls^\[[@r8]\]^. Self-renewing stem cells are maintained by niche derived signals such as Wnt found in multiple mammalian tissues^\[[@r9]\]^. While developmental determination of the stem cells from the quiescent state to active renewing stem and progenitor cells follows a directional lineage, there are indications that the identity of the stem cell states is fluid and exhibits plasticity^\[[@r10]\]^. The co-existence of quiescent and active stem cells has been described^\[[@r11]\]^ and the interconversion of quiescent and active cells is bi-directional^\[[@r12]\]^. The concept of a stem cell as a discrete entity is evolving into that of a biological function with a degree of plasticity^\[[@r13]\]^. The functionality of stem cells has been broadened to include undifferentiated cells, facultative cells and differentiated cells^\[[@r14]\]^. A key feature of these changes in cell fate is differentiation. It is possible that the degree of differentiation can be manipulated both within a specific lineage and between niches, during normal or abnormal needs for repair. Several SSC systems are examined here for the multiple controlling factors that enable the natural progression of differentiation in the stem cell lineage and for evidence that the determined cells are adaptable possibly by dedifferentiation.

Cell Specific Stem Cells
========================

1.. Hematopoietic Stem Cells
----------------------------

In the adult mammal a number of separate stem cells are found in the bone marrow. A well characterized and utilized stem cell is that responsible for hematopoiesis, the hematopoietic stem cell (HSC).

HSCs are found in the endosteal and perivascular regions of the bone marrow of the adult mammal and are precursors to blood cell components consisting of the lymphoid progenitors of the immune system and myeloid precursors to the multiple blood cell phenotypes. The process of hematopoiesis has its roots in embryonic and fetal stages, first occurring in the yolk sac, an area of the aorta-gonad mesonephros (AGM) then the placenta and next the fetal liver. Several signaling pathways occur including, Notch 1, regulated by a transcription of Runx1, and the CDX-HOX pathway. The interpretation of HSCs colonization is in a state of flux and evidence has implicated the fetal liver as their origin. One view has HSCs of the liver entering the adult bone marrow, a second states that they are seeded in both sites at the same time but direct tracking has not been demonstrated^\[[@r15]\]^. The fetal liver is the first tissue from which HSCs have been purified. In the fetal/adult bone marrow, the HSC niche is associated with trabecular bone closely linked to adherent osteoblasts. The niche is viewed as a mixture of HSCs, progenitor cells and stromal cells embedded in a well vascularized extracellular matrix (ECM). Adhesion to the osteoblasts is by a nuclear-cadherin/beta-catenin complex.

Alternate HSC niches in the bone marrow are in perivascular sites proximal to the endothelium^\[[@r6]\]^. The Wnt/beta catenin and Notch-Delta pathways drive the adult HSC lineages. There are many molecular similarities between the fetal and adult HSC stem cells that were analyzed by DNA analysis using bioinformatics and hybridization techniques that outlines the complete molecular phenotype of the HSC^\[[@r16]\]^.

Many primitive HSCs are quiescent or reserved, used for homeostasis or in response to injury while others are active cycling stem cells that replenish the rapid turnover of blood cells. The migration of HSCs from the fetal mouse niche in the liver into the adult bone marrow niche results in dramatic changes from an active proliferating state into a quiescent mode. It has been postulated that separate quiescent and active populations of HSCs coexist in the bone marrow^\[[@r15]\]^ and they are regulated as they migrate into each of them^\[[@r11]\]^. Studies with the chemokine CXCL12 (a protein that regulates the immune response and HSC migration) indicate that HSCs and progenitors are located in perivascular niches while lymphoid progenitors exist in endosteal niches^\[[@r17]\]^. A specific HSC marker has been found in mice, ESAM (endothelial cell selective adhesion molecule) that is retained for life. It is also expressed in human CD34+ cells recovered from human cord blood^\[[@r18]\]^. Supporting cells in the bone marrow niche, osteoblasts and osteoclasts, mesenchymal progenitors and vascular (reticular) cells, regulate the homeostasis and activation of these stem cells^\[[@r15]\]^. HSCs are identified initially by the detection of cell surface markers that express antigenic clusters of differentiation (CDs). Those found in animals often differ from CDs in the human although there are some that are conserved with murine animals. In addition, there is often overlap with those found in other tissues. As self-renewal of stem cells ceases, progenitors form, differentiate and the CDs expressed also changes. In the human, the CD34+is the primary clinical marker for HSC/progenitors. It is often expressed with the lineage antigen (Lin-) in combination with CD38+, CD45, CD90, CD133 along with Tie (angiopoietin-receptor ) and c-kit (tyrosine kinase KIT)^\[[@r19]\]^.

A compendium of phenotypes in the HSC lineage through successive levels of differentiation to the ten terminal differentiated blood cells has been described for both murine animals and the human. The catalog of CDs differs in either species but the individual phenotypes between the replicating stem cells and the first multipotent progenitor is remarkably similar within each species. The self renewal of mouse HSCs expresses a phenotype of Lin-, c-kit, Flk2-. CD34 and Slamf1- (receptors for HSC stem and early progenitors ). The human cell array shows CD38-, CD90+ and CD45RA- plus CD34+ and Lin-. Two surface markers, CD34 and Lin- are conserved in the two species and their presence extends from the activated stem and progenitor lineage to the final restricted progenitors for terminal differentiated cells ^\[[@r20]\]^. Normal HSCs has been found in various niches from bone to cord blood. CD44 is involved in adhesion of cells to the ECM by hyaluron and is a receptor for the cytokine osteopontin (Opn) in the bone marrow. CD 90 is related to stem cell quiescence and CD 123 serves stem cell differentiation ^\[[@r20]\]^ (Table 1).

Another parameter of HC stem cell specificity are signaling molecular pathways whose function is to enable HSC renewal as well as promoting differentiation lineages. The canonical Wnt pathway promotes the emergence of HSCs from the mesodermal endothelium of the dorsal aorta during early development. Niche cells communicate with their stem cell components through individual clusters of signaling molecular pathways. Another link (Tie receptor/angiopoietin l) regulates HSC adhesion and promotes quiescence while (Opn) from osteoblast cells down regulates HSC proliferation. Niche osteoblasts also express an N-cadherin/β-catenin complex thought to mediate attachment of HSCs in their niche. A proposed Wnt signal-nuclear β-catenin sequence regulates HSC proliferation while c-Myc interaction with Notch signals appears to regulate HSC differentiation^\[[@r6]\]^. In the adult, quiescent stem cells in the endosteal zone are maintained by inhibitory signals such as BMP, OPN and sFRP1. Active stem cells in the central zone are stimulated by Wnt, fibroblast growth factor (FGF) and SDF1 (stromal derived epidermal factor) pathways from endothelial cells, megakaryocytes and reticular cells^\[[@r11]\]^.

The local niche environment may accomplish stem cell maintenance of HSC's with cell-cell contact or at a distance^\[[@r19]\]^. The effect of niche influence on resident HSC stem cells is extensive. Murine granulocyte macrophage cytokines can instruct the hematopoietic lineage^\[[@r21]\]^. The stem cell factor (SCF), is produced by perivascular mesenchymal cells and endothelial cells that maintain HSC's in both embryonic and adult tissues. This is a key perivascular niche that provides multiple cell types during homeostasis^\[[@r22]\]^. When the stem cell population is depleted, newly introduced stem cells behave as the original cells^\[[@r19]\]^, an attribute found in developing organ primordia and shared by the blastemal cells in the regenerating vertebrate limb ^\[[@r23]\]^.

It had been generally held that a common pluripotent primitive stem cell produces two lines of multipotent stem cells, progenitors to the lymphoid immune system cells and the other forms myeloid stem cells, with eight precursors to a multiple blood cell lineage^\[[@r15]\]^. The original concept predicted a long term lineage sequence of oligo-potent progenitors into unipotent progenitors. The classical view that multipotent HSCs produce multipotent progenitors for the separate common myeloid progenitor (CMP) and lymphoid lineages has been modified for both the murine fetal liver and adult bone marrow^\[[@r24]\]^.

The niche of the fetal mouse liver contains HSC stem cells and associated pericytes that express Nestin and a neural/glial antigen 2 (NGA2) when both cells are in a high proliferation state^\[[@r25]\]^. With continued development, the cells move into a HSC niche of the adult bone marrow where the HSCs and pericytes evolve into a quiescent state. Concomitantly, two studies have provided evidence that multipotent common myeloid progenitors follow a different differentiation sequence in the fetal mouse niche compared to the adult niche. Single cell culture assays^\[[@r26]\]^ showed the presence of oligopotent cells in the fetal niche that do not exist in the definitive adult state. This view was substantiated in a second investigation^\[[@r27]\]^ with single-cell transcriptome analysis of 2700 myeloid progenitors in the mouse. The analysis failed to detect any type of CMP cells with multipotent progenitor ability in the adult.

###### Somatic stem cell constituent markers and pathways

  ------------------------------------------- --------------- ------------------------------------------------------------ ---------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- ----------
  **SOMATIC STEM CELL CONSTITUENT MARKERS**   **PATHWAYS**                                                                                                                                                                                                                                                                                                                                                             

  Stem Cell                                   State: STAGE    Quiescent                                                    Active                                                                                   Progenitors - Differentiation                                                                                   Components                                                                         Func

  HSC                                         Develop.        CHD7^\[[@r39]\]^                                             CXCL-12^\[[@r15],[@r17]\]^ SCF ^\[[@r22]\]^                                                                                                                                                              Wnt,FGF,SDF-1^\[[@r11]\]^ Notch1, RunX, CDX-HOX, PGE2^\[[@r15]\]^                  Q A

                                              Adult           BMP,OPN, FRP1^\[[@r11]\]^                                    SCF, SCA1+, CD34-,LIN,Flk2, Slamf1-, ckit^\[[@r20]\]^\                                   Sca 1+, Flk2, c-kit, Lin -, Slamf1+, CD27+, CD34+^\[[@r20]\]^\                                                  OPN, BMP,FRP^\[[@r11]\]^\                                                          **Q**\
                                                                                                                           **H**: Lin-,CD34, CD45RA-,CD38-,CD 90^\[[@r20]\]^                                        IL7RA+^\[[@r19]\]^\                                                                                             Wnt/N/beta catenin,c-myc Notch^\[[@r6]\]^\                                         **A**\
                                                                                                                                                                                                                    ESAM^\[[@r18]\]^\                                                                                               Wnt, FGF, SDF-1^\[[@r11]\]^ Wnt/beta catenin ,Notch, Delta ll 1^\[[@r15]\]^        **Df**
                                                                                                                                                                                                                    NG2, Nestin^\[[@r25]\]^\                                                                                                                                                                           
                                                                                                                                                                                                                    **H**: Lin, c-kit, IL3RA, Cd10+.CD38, CD45RA, CD90, CD334+, CD123,Tie.^\[[@r19],[@r20]\]^                                                                                                          

  **NSC/NCC**                                 **Develop.**                                                                                                                                                          Sox2, Pax6,Nestin, GFAP GLT-1,CBP, BLBP, Vimentin^\[[@r29],[@r30]\]^                                            Wnt/catenin. SHH, BMP, RA,FGF ^\[[@r35]\]^                                         Df

                                              **Adult**       CHD7^\[[@r39]\]^                                                                                                                                      GLAST,CBP,GFAP,BLBP,GLT1,TGF,FGF, RA,TN-.C,RC-1,2,Nestin,Vimentin.,GS, Pdgf ^\[[@r30],[@r34],[@r35],[@r40]\]^   Notch/delta ll1,Wnt, Jag.1, Ephrin B^\[[@r37],[@r38]\]^\                           **Q Df**
                                                                                                                                                                                                                                                                                                                                    Wnt/.catenin,SHH,TGAF,T FG,PDGF,EGFR^\[[@r40],[@r42],[@r45]\]^                     

  **PrSC**                                    **Develop.**                                                                 Lgr4^\[[@r49],[@r58]\]^                                                                  Lgr4, Lin-, Scz1+, CD49^\[[@r49],[@r58]\]^                                                                                                                                                         A

                                              **Adult**                                                                                                                                                             ckit, CD44, CD133, CD117^\[[@r51]\]^\                                                                           Alpha 6 Integrin^\[[@r50]\]^. Wnt, Notch/Delta, Jagged1, SHH^\[[@r57],[@r58]\]^\   Df
                                                                                                                                                                                                                    CD 138, CD49f, K5, K8, K14,K18, PSA^\[[@r56]\]^\                                                                H: alpha/beta integrin^\[[@r53]\]^                                                 
                                                                                                                                                                                                                    **H** CD133, TROP 2,CD44, CD49f^\[[@r53],[@r54]\]^                                                                                                                                                 

  **MaSC**                                    **Develop.**                                                                                                                                                          K14,K19 ^\[[@r61],[@r62]\]^                                                                                     Wnt                                                                                Df

                                              **Neonatal**                                                                                                                                                          K5,K8,K14+,K19+,EGRF^\[[@r62],[@r63],[@r65]\]^                                                                                                                                                     Df

                                              **Adult**       Laminin1^\[[@r61]\]^                                                                                                                                  K5, K8, K14+, K19+, lin-, CD24, CD29+ CD29-,CD49f+ ^\[[@r61],[@r62],[@r65]\]^                                   Notch/Jag. 1, Wnt, Integrins, EGFR, E,P cadherins^\[[@r63],[@r67]\]^               Q

                                              **Pregnancy**                                                                                                                                                         K8, K14,K18,CD24,CD29^\[[@r65]\]^                                                                               Wnt, Notch/Delta, SHH, HOX,FGF,TGF,p Cadherin^\[[@r67]\]^                          Df

                                              **Lactation**                                                                                                                                                         K14, K18, p63, β-casein^\[[@r64]\]^                                                                                                                                                                Df

  **ISC**                                     **Develop.**    **LRC^\[[@r74]\]^**                                                                                                                                   Lgr5                                                                                                            Wnt,SHH,Hox,FGF,TGF^\[[@r69]\]^                                                    Df

                                              **Adult**       Bmi1 H2B^\[[@r78],[@r79],[@r83]\]^ Lgr5^\[[@r12],[@r73]\]^   Lgr5^\[[@r12],[@r74],[@r77],[@r83]\]^, Bmi1, Hopx, Sox9 mTert,Lrig1^\[[@r79],[@r82]\]^   Lgr5, Delta ll1, Bmi1 ^\[[@r82]\]^                                                                              Notch/Delta 1^\[[@r80],[@r82]\]^ Wnt-,Wnt+, Wnt+/catenin, EGFR^\[[@r83]\]^         Q,A\
                                                                                                                                                                                                                                                                                                                                                                                                                       Df
  ------------------------------------------- --------------- ------------------------------------------------------------ ---------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- ----------

H: human, Q: quiescent, A: Active, Df. Differentiation. \[xx\]: Reference

Rather, the HSC compartment produces individual unipotent progenitors for all myeloid, erythroid and megakaryocyte progeny. Intermediate oligopotent precursors are replaced by individual unipotent progenitors for lymphoid progenitors, T and B lymphocytes and natural killer cells. HSCs evolve with a sequence of developmental sites as they age. While stem and progenitor cells follow a specific lineage, their function may vary as dictated by cell regulatory components in separate osteoblast and vascular niches. HSCs are viewed as groups of related cells, with varying potential, controlled by transcription factors and input from separate, adjoining cellular niches. The active population of HSCs maintains the cycling blood cells while the quiescent population responds to acute cell loss^\[[@r18]\]^.

2.. Neural Stem Cells
---------------------

In mammals, morphogenetic and cellular changes in the embryonic neural tube form the primitive forebrain (telencephalon) mid-brain and hind-brain. Neurogenesis is initiated in the ventricular zone of the brain wall when concurrent changes in cell shape and migration are associated with the formation of embryonic neuroepithelial (NE) cells, the source of primary neural stem cells in the developing brain that are multipotent progenitors to neurons and glial cells^\[[@r28]\]^. Early symmetrical divisions of the proliferating embryonic NE cells express specific neural cell markers, Sox2, Pax6 and the production of Nestin (an intermediate filament protein) and a glial fibrillary acetic protein (GFAP) marker^\[[@r29]\]^. Early on, NE cells along the subventricular zone (SVZ) produce progenitors to neurons followed by asymmetric divisions leading to more restricted progenitors of radial glial (RG) cells that multiply and eventually replace all NE cells^\[[@r30]\]^. The RG cells also exhibit characteristics of astroglial cells, a glutamate transporter (GLT1) , Ca+ binding protein (CBP), GFAP, vimentin and a brain lipid binding protein (BLPP)^\[[@r30]\]^. Cre recombinase (Cre-lox) mapping demonstrated that these NE cells are the source of neural stem cells (NSCs) since they can form both neurons and radial glial cells (RF) in the embryo^\[[@r31]\]^.In the developing brain, RG cells form astrocytes but also form neurons. From these observations, a unified cell continuum of stem cell formation, from the embryo to the adult, was proposed resulting in a neuroepithelial-radial glia-astrocyte lineage^\[[@r32]\]^. Embryonic neurogenesis in the cortex proceeds by asymmetric division that produces an RG cell and a neuron progenitor or indirectly through one or two divisions of intermediate progenitor cells for neurons in the ventricular zone (VZ). Heterogeneous neurons which differ according to their locality or their developmental stage are controlled by activation of an extensive range of transcription factors. Furthermore, the RG cells produce separate intermediate progenitor cells that generate either neurons or astrocytes during embryonic development and in the adult^\[[@r33],[@r34]\]^.

In the neonatal stage, RG cells continue to produce neurons and oligodendrocytes via intermediate progenitor cells. A sub-population of RG cells, known as B cells, convert into astrocytes in the (SVZ). These are the source of NSCs in the adult and generate neural intermediate progenitor cells that culminate in neuroblasts (precursor neurons). The RG cells express astroglial markers: GLASt, BLBP, Tenascin C (TN-C),GFAP, Nestin, Vimentin, RC1,2. Other astrocyte-like neural stem cells, originally derived from embryonic RG cells also have glial cell properties^\[[@r34]\]^. These adult astrocyte-like NSCs appear to be pre-determined for a specific neuronal or glial fate^\[[@r35]\]^. In the post-natal rodent brain the radial glia-astrocyte stem cell sequence yields neurons, ependymal cells and astrocytes in two niches of the adult brain One region is located in the brain wall adjacent to the lateral ventricles of the forebrain, the sub-ventricular zone (V-SVZ), that ultimately generates olfactory bulb interneurons. A second is found in the subgranular zone (SGZ) the dentate gyrus of the brain hippocampus^\[[@r29],[@r34]\]^. Neural intermediate progenitor cells generate diverse neurons and intermediate glial progenitor cells form heterogeneous oligodendrocytes^\[[@r34],[@r35]\]^. Other evidence has indicated that similar niches exist in circum-ventricular organs (CVOs) along the ventricular midline and in novel niches along the 3rd and 4th ventricles in the adult^\[[@r36]\]^. See Table I and Abbreviation List.

Components of the neural stem cell niche promote quiescence and insure stem cell identity. Neural stem cells in the SVZ niche depend upon direct cell to cell contact with endothelial cells of the vascular niche. Two proteins, endothelial ephrin B2 and Jagged 1 prevent the production of mitogens that inhibit differentiation^\[[@r37]\]^. Adult mouse quiescent NSCs in the subventricular zone are also reinforced by the induction of the Notch ligand Delta-like 1 (Delta ll 1) signaling pathway in activated NSCs, presumably by feedback on the reserve stem cells^\[[@r38]\]^. In the hippocampus a chromatin remodeling factor, chromo-domain-helicase-DNA binding protein 7 (CHD7), represses the transcription of several positive regulators of cell cycle induction^\[[@r39]\]^. Stem cell activation leads to their repression allowing stem cell renewal and neurogenesis of adult neurons and glial cells (astrocytes and oligodendrocytes)^\[[@r40]\]^. The diversity of the neural stem cell populations found in adult neural niches reflects the plasticity of the NSCs. They consist of sequential cell stages, Type B1 astrocytes (radial astrocytes), that develop Type C transit amplifying cells (intermediate progenitors) which divide to form Type A granule cells (neuroblasts), precursors of differentiated neurons^\[[@r29],[@r40]-[@r43]\]^. There are three different compartments (domains) of the adult V-SVZ niche which allow for regulation of stem cell function during homeostasis, cell regeneration and aging^\[[@r42]\]^. The ventricular chamber is lined with multi-ciliated ependymal cells (B1) in the first domain (DI). Moving inward into the ventricular wall, domain II (DII), B1 astrocyte cells form transit amplifying "C" cells that divide to form A cells (neuroblasts). In the third innermost zone (DIII), B1 cells are in communication with blood vessels via extended cell processes ^\[[@r40],[@r43]\]^. A variety of growth factors, ligands and signaling pathways appear to regulate B1 cells and progenitor cells behavior in all three domains^\[[@r42]\]^. Many soluble factors (TGFs, IGFs, PDGFs, BMPs, Wnt, SHH) and retinoic acid are found in the cerebral spinal fluid (CSF) that can affect cell proliferation, neurogenesis and oligodendrogenesis ^\[[@r40],[@r42],[@r43]\]^. The ependymal cells secret noggin which enhances progenitor cells and neuroblast formation^\[[@r42]\]^. Other factors are released from blood and endothelial cells. Notch signaling is viewed as bidirectional between niche cells, stem cells and their progeny during homeostasis and regeneration^\[[@r40]\]^. For example, neurotransmitters from serotoninergic axons appear to regulate interactions between B1 cells, progenitor cells and newly formed neuroblasts ^\[[@r43]\]^.

In the SGV of the brain hippocampus a different niche compartment has been described with multiple pathways for radial cell development^\[[@r42]\]^. Three similar domains of radial astrocytes (RA) are located within the dentate gyrus, DI, a subgranular zone adjacent to blood vessels, DII, a granular zone where RAs interact with their progeny and DIII, an inner molecular zone that exposes RA cell extensions to neuronal networks. Since the gyrus lacks a ventricle, Domain I in the gyrus is the Hilus, a deep region of intermediate progenitor cells (IPC) and blood vessels. Here, factors from blood vessels, endothelial cells and RA cells stimulate RA type 1 cells to form intermediate progenitor cells (IPCs) that migrate into the upper granular zone. Domain II consists of the RA cell bodies that are anchored with a primary cilium in the hilus along with a mixed lineage of IPCs (type 1 and 2) and granule (type 3) cells. When mature, granule cells become anchored by an axon into the Hilus and apically send dendrites into the inner molecular layer of domain III.

The RA cell bodies also extend projections into the molecular layer forming dense branches of mossy fiber axons. In domain II there is cell-cell interaction between NSCs, their progeny and granules cells and their behavior is regulated by various neuro-transmitters such as (GABA). Domain III is an inner molecular layer of other glial cells, axons and synaptic terminals. The two neurogenic niches of neural stem cells harbor B1 astrocytes in the SVZ and radial astrocytes in the SGZ. The functions of quiescence, cell proliferation and progenitor differentiation appears to be regulated by specific cell to cell interaction with their progeny and soluble factors from blood vessels, the ventricular fluid and neuronal interchange that provide alternative avenues for niche regulation. The multiple signaling pathways remain to be identified *in vivo* and may cross regulate on the same cell^\[[@r42]\]^. These and other biophysical properties of the dynamic niches control neural stem cell function during homeostasis, and regeneration^\[[@r40],[@r43]\]^ and neurogenesis in both SVZ and SGV declines with age^\[[@r42]\]^.

3.. Neural Crest Precursors
---------------------------

Other neural stem cell derivatives originate from the neural crest cells (NCC), a cache of pluripotent migratory stem cells that arise from the lateral margins of the embryonic brain and spinal cord. They form the sensory and motor neurons, ganglia of the peripheral and enteric nervous system, glial cells, melanocytes, endocrine cells and diverse types of mesenchyme cells. Another small subset of stromal cells originating from NC cells express the protein Nestin and also contribute to the maintenance of HSCs^\[[@r22]\]^. Early experiments by Le Douarin *et al*. on chick-embryo/quail -- adult chimeras indicated that NCC differentiate into a specific type of glial cell that is dependent upon the microenvironment where they develop^\[[@r44]\]^. Another quality of differentiated cells from the NCC lineage is their plasticity in the adult. The differentiation of glial cells and melanocytes can be reversed when the cells are returned to an intermediate precursor. A reciprocal conversion between glial cells and melanocytes occurs by dedifferentiation into a multipotent progenitor^\[[@r44]\]^. The most widely distributed glial cells are Schwann cells that surround axons with myelin throughout the body. In the adult, Schwann cells are also found to dedifferentiate into stem-like cells in response to injury, reverting to a precursor state that promotes new axon regeneration and re-myelination of injured neurons^\[[@r45]\]^. Adult Schwann cells may act upon perivascular smooth muscle and invade the bone marrow hematopoietic stem cell niche, secreting a transforming growth factor-beta that keeps the stem cells quiescent^\[[@r45]\]^. The wide spread glial plasticity between cell and tissue interactions of NCCs and non-NC derivatives of perivascular muscle, bone marrow and mesentery during development, injury and malignancy implicates NCC stem cell-like cells in diseases and neoplasia. The behavior and defects in NCCs or their interactions with its environment may help in the etiology of several diseases^\[[@r46]\]^. For example, Schwann cells will dedifferentiate in diseases such as leprosy, caused by Myobacteriium leprae. This disease causes Schwann cells to dedifferentiate, lose their glial identity and transform into highly migratory "stem cell-like cells". The Schwann cell precursors can then differentiate into new cells *in vivo*.

4.. Prostate gland stem cells
-----------------------------

The primordium of the prostate gland arises from an interaction of embryonic endodermal buds that develop multiple solid rod branches within a mesenchyme capsular cell mass. Androgen production ultimately controls epithelial morphogenesis of the solid tubular rods and buds which leads to duct formation within the buds followed by epithelial cell differentiation into basal cells and secretory luminal cells that face the duct lumen. Rare neuroendocrine cells in the layer, extend from the basement membrane between the luminal cells.

An early prediction of prostate stem cells (PrSC) was obtained when dissociated prostate epithelial cells and embryonic urogenital sinus mesenchyme fragments were derived from murine embryonic or adult donors and implanted into the kidney subcapsular space or implanted intra-muscularly in adult mice. Prostatic branching tubules were regenerated in the implants along with prostate cell markers^\[[@r48]\]^. Later, prostate tissue cells in a basal phenotype, identified as stem cells by the antigenic profile Lin- (mixed lineage marker), SCA1+(stem cell protein antigen) and CD 49f were isolated by FACS and cultivated *in vitro*. When combined with inductive stroma and implanted into the sub-capsule of the kidney or into the skin of immune-deficient mice, they regenerated tubules with an outer basal layer, an inner luminal layer and neuro-endocrine cells^\[[@r49]\]^.

Other isolations with *in vitro* cultivation of prostate cells utilized a variety of generic stem cell markers, and putative specific prostate stem cell combinations. Purified cells from the proximal duct with SCA-1 (stem cell protein antigen) that often co-expressed alpha 6 integrin were most effective in restoring the prostate^\[[@r50]\]^. Single cell isolates from the proximal urethra also expressed stem cell receptors (Lin(-) SCA-1+, c-kit, CDs 44, 133). They and a PC marker CD 117, can generate secretion --producing prostate tissue *in vivo*^\[[@r51]\]^. These studies of prostate basal cell and luminal cells resulted in regeneration of secretory prostate cells when implanted *in vivo*. The prostate stem cell niches were located in the basal cell layer, proximal to the urethra^\[[@r52]\]^ and in the tip of proximal prostatic ducts^\[[@r50],[@r51]\]^. In the human prostate, a subset of basal cells expressing alpha2/beta 1 integrin, a prostate cell surface marker and CD133 would produce prostate-like acini when transplanted into immune-compromised mice^\[[@r53]\]^. Similarly, a subpopulation of human prostate basal epithelial cells, expressing (Trop2), CD44 and CD49f, formed self-renewing prostaspheres *in vitro* that were implanted along with rat urogenital sinus mesenchyme into immunocompromised mice. Tubular structures formed in the implants that differentiated into discrete basal and luminal cells *in vivo*^\[[@r54]\]^.

Based on the murine and human data Goldstein proposed a prostate epithelial hierarchy where basal stem cells produce a multipotent progenitor that generates all three types of epithelial cells^\[[@r55]\]^. During post-natal development, lineage tracing experiments on the prostate epithelium of mice verified that basal multipotent stem cells (intermediate cells) do differentiate into three main lineages. Basal cells expressed keratin (K), K5 and K14 along with a common transcription factor, p63, whereas luminal or secretory cells expressed K8 and K18 plus an androgen receptor, a prostate-specific antigen and prostate acid phosphatase and thirdly, neuroendocrine cells produced synaptophysin, chromogranin A and neuropeptides. Both unipotent basal progenitors and unipotent luminal progenitors were also present^\[[@r56]\]^. During homeostasis in the adult there is a shift from multipotent progenitors to separate unipotent basal and luminal cell progenitors as stem cell sources. Induction of prostate cell regeneration also results from activation of unipotent stem cell progenitors^\[[@r56]\]^.

When prostaspheres and an *in vivo* prostate reconstitution assay were combined, the Wnt pathway induces Sc-1+, CD49f + basal/ stem cell proliferation. Up regulation of target genes led to an increase in K5+, K8+, p63+ prostate progenitor cells. Induction of Notch signaling in prostate progenitors inhibits their proliferation and normal morpho-genesis. The opposing roles of Wnt/ Notch signals is attributed to modulation of Notch by Wnt signaling^\[[@r57]\]^. Early development of the prostate gland (which is post-natal in rodents) in Lin-/Sca1+/CD49f+ basal stem cells, is associated with the expression of of Lgr4 (a G-protein coupled receptor) that occurs prior to any lineage differentiation in the neonatal gland. Yet, continued morphogenesis and differentiation is regulated by LGr4 expression. Notch and sonic hedgehog (SHH) pathways are key targets in prostate stem cells and progenitors, both promoting morphogenesis and early differentiation. Lgr4 expression modulates both cell proliferation and differentiation through Wnt/ßcatenin signaling. Induction of Wnt signaling in basal stem cells down regulates Notch and blocks proliferation and morphogenesis of acini but induction of Notch in progenitors inhibits their proliferation. The inactivation or ablation of Lgdr4 down loads both Notch 1 and SHH expression and also blocks both morphogenesis and differentiation. It appears that Wnt modulation of Notch regulates proliferation and maintenance of epithelial progenitors^\[[@r58]\]^. Based on the multiple stem cell-progenitor involvement in prostate homeostasis and regeneration, it has been hypothesized that any progenitor cell can produce cells leading to differentiated secretory luminal cells. Moreover, the oncogenic transformation of these precursor cells is the basis for the genotypic variation and degree of malignancy found in prostatic cancer^\[[@r59]\]^.

5.. Mammary Gland Stem Cells
----------------------------

Development of the mammary gland has primordial origins analogous to that of the prostate gland. Ectodermal cells forms primary solid cellular buds that subsequently branch within external mesenchymal tissue. At the fetal-neonatal stage two hollow chambers exist, a multi-branched terminal lobular unit and a basal terminal end chamber. The mammary gland epithelium becomes organized into a layer of luminal-alveolar secretory cells and a layer of basal myoepithelial (MEP) cells that interact with the ECM. The basal epithelial cells are controlled by the beta1-integrin gene and these cells regulate the growth and differentiation of the luminal secretory cells^\[[@r60]\]^. Evidence of a multipotent mammary stem cell, capable of producing the entire mammary branching network was provided by single cell isolations from 8 week old mice. A subpopulation of cells isolated by FACS, were identified by Lin, CD29hi, CD24+ markers. A majority of these cells expressed the myoepithelial cytokeratin 14 (K14) marker. Double sorted Lin-, CD29hi, CD24+ cells were recovered, marked with a LacZ transgene, cultivated into buds *in vitro* and then transplanted into mammary gland fat pads where 6/102 recipients developed ductal structures of both luminal and myoepithelial cells. Further differentiation of lobulo-alveolar components occurred when transplants were made into adults during pregnancy and parturition. A separate cell population expressed the luminal cell marker, K18 and additional analysis indicated their cell progeny had a luminal cell fate when exposed to lactogenic conditions. The single cell isolates of self-replicating, multipotent stem cells, were defined as mammary gland stem cells (MaSCs)^\[[@r61]\]^.

The human breast stem cell hierarchy changes as gland development proceeds and increases in complexity from the fetal -neonatal stage, into the adult gland and during pregnancy. These cells are identified by different cell surface markers, CD24, CD29, CD44, CD49f and EpCAM. The developmental sequence can be followed by changes in cytokeratin staining (K). In the early fetus, luminal and basal cell lineages are established that are double negative for K14 and K19 markers. At the neonatal stage, multipotent progenitors, K14+, K19+ are produced by ductal/lobular cell and myoepithelial cells. In the adult, multipotent progenitor cells are recognized by keratin markers for two types of ductal lobular cells and a basal/myoepithelial cells ^\[[@r62]\]^.

The basal epithelium appears to be the source of MaSCs, progenitor cells and differentiated basal cells. Isolation of basal cells from the mammary gland using Lin-, CD24+. CD29hi from virgin mice identified multipotent MaSCs with a more specific cell marker, a transmembrane endothelial protein C receptor (EPCR) for a Wnt target in the mammary gland from "Matrigel" cell cultures. Upon transplantation, these cells regenerated mammary gland components and also acted a multipotent stem cells in physiological lineage tracing with a knock-in allele of the EPCR receptor^\[[@r63]\]^. Another parameter of MaSC adaptation appears during mammary gland lactation. Based on the recovery of breast stem cells from human breast milk and analysis by extensive *in vitro* testing looking for the expression of human embryonic stem cell (hESCs) transcription factors. A proposed lineage from a common multipotent stem cell, CD49f, is the source for generating separate branches of luminal or myoepithelial progenitors. The luminal progenitor develops into ductal cells (K 19) or an alveolar luminal cell progenitor (K18). During lactation, the latter differentiates into a novel K18/ß- casein, an a-lactalbumin secretory cell. Myoepithelial cells (K14) originate from separate progenitors^\[[@r64]\]^. Progenitors of the mammary gland are frequently modified due to the cyclic nature of the mammary gland during each menstrual (estrus) cycle. Evidence from genetic lineage studies indicates that the stem cell identity varies from the fetal to neo-natal, during homeostasis and pregnancy^\[[@r64]\]^. As a result, there is a special relationship between the adult basal stem cells and their micro-environmental niche that separates them from neonatal stem cells.

A group of lineage tracing experiments and clonal analysis of the mouse mammary gland were performed *in situ*, under physiological conditions, on embryonic, adult and pregnancy phases of the mammary glands. Using keratin gene derived K14, yellow fluorescent proteins (YFP+) cells it was confirmed that all mammary gland epithelial lineages were derived from multipotent K14 expressing progenitors which included myo-epithelial and luminal cells during embryonic development. At the beginning of puberty and during homeostasis, it was found that two types of lineage restricted cells differentiated into either myoepithelial or liminal cell lineages. *In vivo* experiments based on immune-staining indicated that cells during puberty and in adult virgin mice which expressed K-14, were limited to myoepithelial cells. This continued into adult life and during multiple pregnancies. No K-14 expressing cells contributed to the luminal lineage during their expansion at puberty. In contrast, K-8/YFP+ expressing stem cells were limited to the luminal cell lineage during puberty, adult gland homeostasis and continued through 3 consecutive cycles of pregnancy and lactation. These separate, long lived, unipotent stem cells also demonstrated massive expansion during pregnancy^\[[@r65]\]^. New investigations on the *in situ* in changes of the mouse mammary gland utilized a multicolored Cre reporter gene and observations by 3D confocal imaging, combined with specific markers and immuno-staining in several transgenic mice that allowed *in vivo* identification of both stem cells and progenitors^\[[@r66]\]^. The contribution of progenitor cells at different stages during development and the adult was determined by producing transgenic strains specific to basal and luminal lineages, using green fluorescent protein (GFP) linked-to a reverse tetracycline transcriptional activator (tTA) and an internal ribosome entry site, (GFP-rTIR). The transcription factor Elf5, from a signature gene for mouse and human alveolar tissue differentiation, was employed. FACs analysis showed that the Elf5-GFP was confined to the luminal layer but not the basal/MaSC cell population in pubertal and adult mammary glands. Tracing luminal progenitor cells *in vivo* indicated they induced alveologenesis which expanded during puberty. The basal cell population of MaSCs and myoepithelial followed with keratin K5 and FACS analysis using GFP showed they were confined to myoepithelial cells. Bipotent K5 expressing cells cells were tracked and found during morphogenesis, puberty and homeostasis in the adult. The fate of restricted luminal progenitors utilized the same triple-transgenic mice combined with floxed multicolored (confetti) reporter alleles. Elf5-labeled cells contribute to alveolar cells in pregnancy and about 60% of them express 2-4 fluorescent proteins. The data promoted a common basal cell precursor, a bipotent mammary gland stem cell, which yielded both myoepithelial and luminal cells. These bipotent stem cells were active during morphogenesis, homeostasis in the adult mouse, and physiological changes during pregnancy and lactation. The lineage of the unique progenitor cells supports a model that states cell replenishment is initiated by MaSCs and continued by long lived unipotent progenitors^\[[@r66]\]^.

Several signaling pathways control mammary stem cell development, particularly progenitor cells that maintain homeostasis. Niche-derived mammary gland proteins and ECM molecules were found to specify bipotent human progenitor cells^\[[@r67]\]^. Cell cultures of human progenitor cells indicated the niche maintained quiescence, the progenitor state and directed differentiation toward myoepithelial and luminal stages. Progenitor cell fate occurred through integrin signaling along with Notch, EGFR and both E- and P-cadherins. It was concluded that the regulation does not dictate pre-determined programs but the niche imposes specific behavior upon them. *In vivo* analysis indicated Laminin 1 maintains quiescent cells. The Notch ligand, Jagged 1 imposed the K14+/K19 progenitor phenotypes and with P- cadherin selected the K14+/K19+ phenotype in the MEP cells^\[[@r67]\]^. The mammary stem cell niche can also modulate the differentiation response of other unrelated stem cell hierarchies when they are transplanted into the mammary niche that further reflects their plasticity (see discussion)^\[[@r68]\]^. This niche regulatory function also parallels the regulatory role of the early regeneration blastema on introduced foreign primordia^\[[@r23]\]^ and the reactivation of ectopic cells in a vacant Drosophila niche^\[[@r20]\]^. Yet, the neoplastic conversion of mammary stem cells as potential cancer cell precursors provides a parallel to lineage studies on developing mammary cells. An antibody study on human breast cell origin found that normal epithelial K19+ luminal cells from the breast are localized in \>95% of human breast carcinomas^\[[@r62]\]^.

6.. Intestinal Stem Cells
-------------------------

The mucosal lining of the small intestine in the late embryo consists of a continuous epithelium, along the intestinal lumen, that develops multiple finger-like projections of villi separated by crypts between their bases. In the crypt, the epithelium forms crypt based columnar cells (CBC) and by the late embryo/early post-natal period, the crypts have stem cells and progenitor cells along with Paneth cells at the crypt bottom. Gut development forms by an interaction of the Wnt canonical signaling pathway and the TGF-ß superfamily pathway along with FGF, hedgehog (SSH) & Hox proteins that control cell division and fate^\[[@r69]\]^. Proliferating cells in the embryonic crypt of mice are polyclonal, i.e. biparental, but early in postnatal life, cloned pools of adult stem cells result from asymmetric cell divisions. In the human adult, the intestinal crypts may also contain multipotent, self renewing stem cells capable of replacing millions of cells every few days. Adult homeostasis was postulated as regulation of stem cells and their progeny by niche derived signals, signaling pathways, transcription and growth factors that direct their fate^\[[@r69],[@r70]\]^. An early study by Cheng and Leblond^\[[@r71]\]^ showed that the CBC cells, dispersed between Paneth cells, were long lived, self-renewing multipotent intestinal stem cells (ISCs) that maintain homeostasis of the differentiated cell types found along the entire villus epithelium. These terminal cells are enterocytes, goblet cells, entero-endocrine cells, tuft cells and M cells^\[[@r72]\]^. The cyclic replacement of the differentiated cells along the villi begins by cell amplification of progenitor transit amplifying (TA) cells in the crypt niche. The TA cells cycle into differentiated lineages as they migrate up the villus to replenish the differentiated cells in the epithelium. The existing absorptive, secretory and hormonal cells are replaced every 4 to 5 days after they undergo apoptosis and escalate into the intestinal lumen. Paneth cells remain in the crypt base where they produce an anti-microbial substance, nurture the ISCs and are replaced by transient cell precursors^\[[@r73]\]^. The marker gene for CBC cells, Lgr5+ (Leucine G protein receptor) identified the CBC cells as the active intestinal stem cells (ISC) in the crypt^\[[@r74]\]^. Activation of a Lac Z reporter gene showed that all cell types of the villus epithelium appearing in the ribbon of cells produced from the Lgr5+ marked gene in the CBC cells, were invariably in contact with Paneth cells ^\[[@r75]\]^.

Yet, other observations by Potten *et al*.^\[[@r76]\]^ on chimeric mouse embryos proposed a stem cell model where active ISCs were located in the number +4 cell position from the crypt base, on the villus above the Paneth cells. They were identified as DNA (thymidine) label retaining (LRCs) that cycle every 4 hours. It was postulated that the +4 cells are a subset of LRCs, quiescent reserve DNA label retaining cells (LRCs) which are transient precursors of Paneth cells. When the ISC pool is depleted the LRCs can dedifferentiate into Lrg5+ ICS cells^\[[@r73]\]^. The quiescent and active stem cell subpopulations have separate functions, Lgr5+ for the former and Lgr5- in the latter^\[[@r12]\]^. They occupy separate yet adjoining niche locations^\[[@r77]\]^. A definitive lineage tracing of the +4 stem cells employed a marker, Bmi1, a proto-oncogene, which identified reserve, slow cycling stem cells that differed from the active cells^\[[@r78]\]^. The two stem cell populations showed an interconversion, based on the exchange of Hopx, a homeobox protein reported as specific marker for 4+ cells^\[[@r79]\]^.

### 6.1 Cell regeneration and plasticity

Following crypt damage, the quiescent Paneth cell precursors can revert back to Lgr5+ stem cells for stem cell replacement and regeneration and thus serve as reserve stem cells. They demonstrated the plasticity of intestinal stem cells^\[[@r73]\]^. A new probe of the quiescent stem cells came from the induction of histone H2B labeled by yellow fluorescent protein (YFP) that labeled all crypt cells, except Paneth cells. After pulse, chase and dilution of cell division, labeled LRCs in the crypt base were identified by markers for entero-endocrine cells, (Lgr5+) CBC and +4 cells, including Paneth cells. The quiescent +4 cells were also genetically marked with histone H2B using a duel split Cre recombinase fusion, then followed in vivo. This marking separated the non-dividing Paneth cells from all the other cell types. After irradiation induced damage the same LRC cells became self-renewing, multipotent stem cells. The quiescent cells are progenitor-like, capable of reverting to the stem cell state^\[[@r79]\]^. Further support was found in a study of the TA cells at the +5 position that were identified as secretory multipotent progenitor cells. These cells expressed the Notch ligand, Delta-like (Dll1) and by lineage tracing, they could generate clones of goblet cells, entero-endocrine cells, Paneth cells and tuft cells. When exposed to irradiation injury that destroyed the CBC stem cells, the DLL1+ cells became Lgr5+, CBC stem cells, another measure of adaptability^\[[@r80],[@r81]\]^. These observations indicate the intestinal crypt contains several populations of reserve stem cells. The plasticity of these reserve progenitors is regulated by the stem cell niche that produces the necessary signals to direct the committed progenitors back into multipotent adult stem cells. In an acute injury, the Lgr5 cells are lost but the Paneth cells and +4 cells are intact. The surviving +4 cells reserve stem cells restore the Lgr5+ stem cell pool for epithelial cell renewal via a TA population that generates a population of Paneth precursor cells which ultimately differentiate into Paneth cells^\[[@r81]\]^. A model of crypt dynamics with *in vivo* experimentation was presented to analyze the dynamics of ISCs during homeostasis, regenerative repair and tumorigenesis^\[[@r82]\]^. They noted that active CBC stem cells and +4 quiescent stem cells express functional and molecular markers. Also, CBC stem cells and differentiated entero-endocrine cells high on the villus express Sox9 and EGFP, verifying their connection. Stem cells at the +4 position have been further identified by immuno-staining and lineage tracing (Bmi1, Lrigl, mTert and Hopx), which indicated they are long lived, slow cycling, can be activated by injury, and can repopulate the CBC pool. Also, two intestinal cell markers, Bmi1 and mTert (mouse teleomerase reverse transcriptase) have identified that there are functionally distinct populations. Lgr5 marks active ISCs that are regulated by Wnt, while Bmi1 marks quiescent ISCs that do not respond to Wnt regulation^\[[@r83]\]^

Summary
=======

Adult somatic stem cells are tissue-specific quiescent or active self-renewing reserve cells that exist in microenvironmental cellular niches. The activated stem cells are accompanied by precursor progenitor cells in various degrees of specialization for terminal differentiated cells. Components of the niche modulates the stem and precursor cell functions. This continuum of cells nominally serves to regenerate cells for tissue/organ homeostasis and exhibits considerable multipotency that decreases as differentiation progresses to the final specialized cell. This plasticity is often attributed to the active recruitment of particular progenitor cells for specific needs. Another view is that individual populations of the stem cell lineage can produce a functional plasticity through modulation of their differentiation by dedifferentiation or transdifferentiation^\[[@r13]\]^. Rather than a unique catalog of cells, it has been proposed that variations in the stem cell lineage might be achieved transiently^\[[@r7]\]^. Evidence indicates that the niche does not always elect predetermination of the stem cell lineage but individual signaling imposes specific behavior on them^\[[@r67]\]^. A second aspect is stem cell response to damage produced by trauma. One proposal is the presence of facultative stem cells, a subset of daughter cells that can revert to stem cells for damage control^\[[@r84]\]^. It is possible that modulation of differentiation can occur in regeneration of both normal stem cell lineage and trauma induced events. The active selection of poised progenitor cells by the niche is likely the avenue for normal homeostasis, but temporary demands from physiological changes could trigger a rapid replenishment of the stem cell lineage through modulation of the differentiated state. This is illustrated in the niche imposed changes in the behavior of MaSCs during pregnancy and lactation that were not the result of pre-determination^\[[@r67]\]^. Other stem cells elicit a default response. For example, when HSC cells are depleted, newly introduced differentiated cells behave as the original stem cells^\[[@r20]\]^. When the neural stem cell pool is depleted, glial cells and melanocytes dedifferentiate into an intermediate bipotent progenitor^\[[@r44]\]^. After depletion of intestinal stem cells, the label retaining cells can dedifferentiate into Lgr5 intestinal cells^\[[@r79]\]^. In response to injury, differentiated Schwann cells can dedifferentiate into stem-like cells ^\[[@r45]\]^. Similarly, after destruction of the stem cell population from trauma, the stem cells may be replaced by differentiated osteoblasts from the niche which would evoke their de-differentiation^\[[@r22]\]^. Following destruction of the crypt columnar cells, the Notch ligand expressing cells become Lgr5+ CBC stem cells^\[[@r80],[@r81]\]^. After damage to the intestinal crypt, the Paneth cells can also revert to Lgr5 cells^\[[@r72]\]^. Evidence suggests that there are functionally different quiescent and active stem cells in the intestine. The Bmi1 quiescent cells respond to injury for regeneration, whereas the Lgr5 population acts during homeostasis^\[[@r83]\]^. The regulatory potential of the niche also affects differentiation of cells from stem cells of different cell lineages^\[[@r68]\]^. Neural stem cells are modified to those of the mammary gland after transplantation into the mammary crypt^\[[@r85]\]^. Similarly, the mammary niche can redirect the cell fate of spermatogenic cells^\[[@r86]\]^. Both examples illustrate the regulatory power of the niche to produce adaptive changes in differentiation of the stem cell lineage.
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:   Angiopoietin, vascular growth factor
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:   Epidermal growth factor receptor
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:   Fluorescence activated cell sorting
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MEP

:   Myoepithelial cell
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:   Phosphatase and tensin protein

SHH

:   Sonic hedgehog signaling pathway

SCA-1
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:   Sex determining transcription factor
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:   Transforming growth factor signaling pathway

Tie
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VEGF

:   Vascular endothelial growth factor
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